The dynamics and evolution of a coastal sandy system over the last 142 years were analyzed using geomatics techniques (historical cartography, photogrammetry, topography, and terrestrial laser scanning (TLS)). The continuous beach-dune system is a very active confining sand barrier closing an estuarine system where damage is suffered by coastal infrastructures and houses. The techniques used and documentary sources involved historical cartography, digitalizing the 5-m-level curve on the maps of 1875, 1908, 1920, 1950, and 1985; photogrammetric flights of 1985, 1988, and 2001 To know the recent coastal evolution and its consequences on the human environment, the combined geomatic techniques and future TLS data series may lead to the improvement in the knowledge of shoreline changes in the context of sea level and global changes.
Introduction
Sandy complexes of shallow coasts are highly dynamic systems deriving from the interrelationships between marine and atmospheric agents. Their morphogenesis varies constantly and at different rhythms, and changes are, therefore, spatial and temporal, alongshore and cross-shore [1] . The multiple factors that affect the coastal dynamic have been subjected to theoretical quantitative analyses since the end of the 1960s by means of reference modeling for the study of sandy systems [1] .
Several geomatics studies were conducted in recent decades on the coastal sandy system of El Puntal de Somo [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , and other research analyzed several of the world's beaches using diverse geomatic techniques [11] [12] [13] [14] [15] [16] [17] [18] . In this case, the geomorphological context in which the sandy systems developed not only depend on their exposure to waves, astronomical tides, storm surge, run-up, winds, or fluvial runoff, but also on the energy received and the alteration or acceleration of morphogenetic processes. To these factors, their estuarine configuration must be added, forcing the consideration of tidal currents [19] and geomorphological elements such as sand bars [20] , both influential on the coastal dynamic as a natural barrier against the storms of the open sea.
Human action is the most influential factor in the morphodynamics of beaches and sand strips in estuary systems on the coast of the Cantabrian Sea [21] [22] [23] [24] [25] [26] [27] [28] [29] and Santander Bay. The elimination of the submerged sand bar known as Las Quebrantas due to dragging in the mouth of the bay led to an increase in the effect of waves on the sand banks. The geomorphological context and human action also affect the increase or attenuation of the risk of erosion and flooding, both now and in the future [2, 3] , as well as the potential retreat of the shoreline.
The nature of the interphase of coastal areas, together with land use, leads to the need for knowledge in order to provide suitable territorial management in tourist and leisure areas such as the one we are dealing with here. The need to monitor, analyze, and model processes is recommended to determine suitable interventions on the coast in the present and immediate future [5, 18, 19] in a place such as Santander Bay, which underwent great urban and socio-economic transformation.
The main aim of this study was to analyze storms in combination with geomatic observations of the beach-dune system in El Puntal de Somo, one of the largest on the Cantabrian coast [30] . The retreat of the sand bar between El Puntal and Loredo Beach was analyzed using geomatic techniques and historical maps in combination with the analysis of the influence storms had on it during the period of 1985-2017.
The Study Area
The sandy system of beaches and dunes of El Puntal in Somo, Loredo is located in the bay of Santander, one of the most important estuarine inlets of the Cantabrian coast, and has an area of 23.46 km 2 and a perimeter of 97 km. The estuary belongs to the bay of Biscay and is represented by two subsystems, the Estuary of Santander itself, a diapiric basin formed in clays and gypsum of the Triasic age (Keuper facies) with fractures in the NW-SE direction where small streams flow out (Tijero, Boo, and Solía); and the Estuary of Cubas, the fluvial valley of the Miera River with an infill of alluvial sediments [20, 31, 32] .
The exterior of the estuary is made up of a continuous beach-dune system within a confining sand barrier associated with a low coastal environment prolonged with a sand strip ( Figure 1 ). There are two large morphosedimentary areas: the barrier strip of El Puntal-Punta Rabiosa,~3 km in length and protected from the waves of the open sea, and the beach of Somo-Quebrantas-Loredo,~2 km in length and exposed to the most active swells from the NW [1] . The barrier strip and beaches close the Santander Estuary and are boxed within the estuarine subsystem of the Cubas Estuary [33, 34] . Taken as a whole, it makes up one of the most extensive sandbanks of the Cantabrian Sea with a total of 1,047,190 m 2 (Puntal de Somo: 308,149 m 2 and Somo-Quebrantas-Loredo dune complex: 739,041 m 2 ) [30] and forms the mouth of the Miera River through the Cubas Estuary.
Both systems are the result of the divergence of the NW-dominant swell by diffraction and reflection on the Magdalena Peninsula and in the sandy bar of Las Quebrantas toward Punta Rabiosa, a sheltered area with NE exposure, and toward the beaches of Somo and Loredo, exposed beaches with N and NW exposure, respectively [1, 3, 10, 30, 35] . The evolution of the entire sandy system shows a longitudinal tendency toward the west, its apex stretching and turning toward the interior of the bay, and a layout of the whole sand bar toward concavity through its central area [5, 10, 19, 20] (Figure 1) .
The mean annual height of the significant swell (Hs) is 1 m, and 5 m for swells in winter storms of a NW component with peak periods of 16 s, with short small waves in the interior of the bay of a SW component generated locally, and semi-daytime tides averaging 3 m and 5 m in spring [7, 10] . Nevertheless, the Magdalena Peninsula implies intense variations in swell, reaching all the studied sand system [3] . and protected from the waves of the open sea, and the beach of Somo-Quebrantas-Loredo, ~2 km in length and exposed to the most active swells from the NW [1] . The barrier strip and beaches close the Santander Estuary and are boxed within the estuarine subsystem of the Cubas Estuary [33, 34] . Taken as a whole, it makes up one of the most extensive sandbanks of the Cantabrian Sea with a total of 1,047,190 m 2 (Puntal de Somo: 308,149 m 2 and Somo-Quebrantas-Loredo dune complex: 739,041 m 2 ) [30] and forms the mouth of the Miera River through the Cubas Estuary. Erosion rates within annual cycles were also modeled and highlighted depending on the different protection of beaches with respect to the diffraction of the swell. In this way, the more exposed beaches have a greater erosion rate and a marked annual erosion cycle as a result of the greater frequency of erosion during the autumn months [3] .
The dunes of El Puntal Beach and the Miera Estuary are sites of community importance due to their high ecological value in spite of the intense human activity deriving from urban expansion and intensive extractions, dragging, and infills of the bay since the 18th century [31, 35, 36] . Its dune systems were also the subject of restoration programs, mainly following damage by large storms [19, 37] , and research into the influence of human activity on the risk of floods and erosion by the entrance of the sea shows a flood level on the beach of Loredo of 10 m [3] .
Methodology

Analysis of Historical Mapping (1726-1860)
For the historical analysis of the dynamic of the El Puntal Beach, the first maps of the city of Santander and its surroundings can be used. These were drawn up by Isidro Próspero Verboom in 1726 (Army Geographical Service). These maps represent the barrier strip that emerges in the neap low tides (Figure 2a) . Later, on the 1860 map drawn up by Francisco de Coello (National Geographic Institute), the sandy bar disappeared, and a sand barrier was generated perpendicular to the area of Las Quebrantas (Figure 2b ). Both systems are the result of the divergence of the NW-dominant swell by diffraction and reflection on the Magdalena Peninsula and in the sandy bar of Las Quebrantas toward Punta Rabiosa, a sheltered area with NE exposure, and toward the beaches of Somo and Loredo, exposed beaches with N and NW exposure, respectively [1, 3, 10, 30, 35] . The evolution of the entire sandy system shows a longitudinal tendency toward the west, its apex stretching and turning toward the interior of the bay, and a layout of the whole sand bar toward concavity through its central area [5, 10, 19, 20] (Figure  1) .
The mean annual height of the significant swell (Hs) is 1 m, and 5 m for swells in winter storms of a NW component with peak periods of 16 s, with short small waves in the interior of the bay of a SW component generated locally, and semi-daytime tides averaging 3 m and 5 m in spring [7, 10] . Nevertheless, the Magdalena Peninsula implies intense variations in swell, reaching all the studied sand system [3] .
Erosion rates within annual cycles were also modeled and highlighted depending on the different protection of beaches with respect to the diffraction of the swell. In this way, the more exposed beaches have a greater erosion rate and a marked annual erosion cycle as a result of the greater frequency of erosion during the autumn months [3] .
Methodology
Analysis of Historical Mapping (1726-1860)
For the historical analysis of the dynamic of the El Puntal Beach, the first maps of the city of Santander and its surroundings can be used. These were drawn up by Isidro Próspero Verboom in 1726 (Army Geographical Service). These maps represent the barrier strip that emerges in the neap low tides (Figure 2a) . Later, on the 1860 map drawn up by Francisco de Coello (National Geographic Institute), the sandy bar disappeared, and a sand barrier was generated perpendicular to the area of Las Quebrantas (Figure 2b ). The maps of 1726 and 1860 were not used in a cartographical study of the evolution of the beach of El Puntal since it was not possible to georeference them, i.e., transform the map into the geodesic system of official reference in Spain (ETRS 89). As seen in Figure 2 , there are no cartographic details The maps of 1726 and 1860 were not used in a cartographical study of the evolution of the beach of El Puntal since it was not possible to georeference them, i.e., transform the map into the geodesic system of official reference in Spain (ETRS 89). As seen in Figure 2 , there are no cartographic details in which ground control points can be located (crossings of paths, buildings, field fencing or walling, etc.). Despite not using these maps for the metric analysis of the evolution of Somo Beach, these historical maps give a good idea of how the coastal changes are continuous and are not due to punctual processes. The most influential factor in the retreat of the coastline at Somo Beach may possibly be large storms; thus, a detailed study was made of the last 32 years (1985-2017), since reliable information is available for this period.
Analysis of Sea Storms (1985-2017)
Sea storms were studied using the daily swell data of the Cabo Mayor lighthouse (4 km to the north of the beach of El Puntal) at 9:00 a.m. In order to analyze the influence of sea storms on the coast, the coincidence between high tides and large swells was considered. We think that, if these two factors do not coincide in time, the retreat of the shoreline will not be as significant. Table 1 shows the number of days and number of storms (there are storms that last more than one day) distributed in five-year periods. Table 1 reveals two coincidences: swells of between 5 m and 6 m with a tidal range of over 80 (medium storms), and swells of over 6 m with a tidal range of over 100 (large storms). The information obtained from the lighthouse of Cabo Mayor was checked against the library of headlines in local newspapers, which described the rough state of the sea; in all cases, there was a coincidence between the storms recorded at the lighthouse of Cabo Mayor and the newspaper headlines. The dates taken from the records of Cabo Mayor were also checked against the statistical data of swells recorded by the Environmental Hydraulic Institute of Cantabria and against those of the swell statistics of REDCOS (Coastal Network of Swells at State Ports), which coincided in all cases with the values in Table 1 .
What follows is an analysis of the coastal dynamic, which serves to check whether any correspondence exists between storms and the beach dynamic. Although there are outside factors that may affect the dynamic of this beach, a great deal of dragging was done in the bay of Santander in the 1980s so that ships could reach the industrial port (inaugurated in 1985) and the ferry dock (inaugurated in 1989) [38, 39] .
Cartographical Study (1875-1985)
For the cartographical analysis of the evolution of the beach of El Puntal, maps were available from the years of 1875, 1908, 1920, 1950, and 1985 The different cartographies used ( Figure 3 ) were georeferenced in ETRS 89 so as to collect them all in the same system of coordinates. Only in this way could comparisons be made among maps and other geomatic techniques be used (photogrammetry, topography, and terrestrial laser scanning (TLS)). Using the global navigation satellite system (GNSS), coordinates in ETRS 89 were given to 31 elements present today (houses, churches, walls, etc.) distributed around the bay of Santander, which are represented on several of the historical maps.
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Using the global navigation satellite system (GNSS), coordinates in ETRS 89 were given to 31 elements present today (houses, churches, walls, etc.) distributed around the bay of Santander, which are represented on several of the historical maps. Subsequent maps were georeferenced, and the 5-m-level curve was digitalized. Figure 4 shows the degree of fit of the georeferencing of the different cartographies, with maximum errors of 40 m. The fit of the georeferenced digitalizations of the different maps in the area of Puerto Chico were checked against the orthophoto in Figure 4 , at 1 km northeast of Punta Rabiosa ( Figure 1 ).
The curve of the 5-m level was then digitalized on each of the georeferenced maps, as this curve was present on all the maps analyzed ( Figure 5 ). It should be pointed out that the 5-m-level curve is normally situated between the upper part of the backshore and the base of the cliffed dune. Subsequent maps were georeferenced, and the 5-m-level curve was digitalized. Figure 4 shows the degree of fit of the georeferencing of the different cartographies, with maximum errors of 40 m. The fit of the georeferenced digitalizations of the different maps in the area of Puerto Chico were checked against the orthophoto in Figure 4 , at 1 km northeast of Punta Rabiosa (Figure 1 ). 
Photogrammetric Analysis (1985-2014)
Photogrammetric flights were made over the city of Santander since 1946, but those made prior to 1985 could not be taken into consideration because of their low quality. Therefore, the flights available from 1985 to 2014 were as follows:

Flights without photogrammetric information (1985, 1988 , and 2001): There is no certification of camera calibration. The aerial photography was rectified using points situated on the beach, and later, the front of the sandy slope was digitalized. 
Photogrammetric Analysis (1985-2014)
• Flights without photogrammetric information (1985, 1988 , and 2001): There is no certification of camera calibration. The aerial photography was rectified using points situated on the beach, and later, the front of the sandy slope was digitalized. The upcoming section analyzes the two possible interpretations of the photogrammetric sessions (digitalization and restitution).
Digitalization of Photogrammetric Flights (1985-2001)
The flights in 1985, 1988, and 2001 were rectified using the program ArcMap of ArcGIS. To make the rectification, nearby control points on the shore (level zero) were used, and the upper part of the slope of the sandy front was later digitalized (Figure 6 ). During this period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , a retreat in the shoreline in this area was detected.
The flights in 1985, 1988, and 2001 were rectified using the program ArcMap of ArcGIS. To make the rectification, nearby control points on the shore (level zero) were used, and the upper part of the slope of the sandy front was later digitalized (Figure 6 ). During this period (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , a retreat in the shoreline in this area was detected. Figure 4 shows that it is not a problem of georeferencing, and we can, therefore, interpret that the maps from 1985 fail to reflect the true condition of Somo Beach. The reason for this is that the Port Authority of Santander used the same map from 1950 to 1985 (see the maps of 1950 and 1985 in Figure 3 ). Both maps represent the mouth of the bay and its bathymetry, information indispensable to navigation for access to the Port of Santander; however, the rest is identical on both maps. Therefore, the map of 1985 was discarded and the digitalization of the aerial photography of the same year was used. Figure 4 shows that it is not a problem of georeferencing, and we can, therefore, interpret that the maps from 1985 fail to reflect the true condition of Somo Beach. The reason for this is that the Port Authority of Santander used the same map from 1950 to 1985 (see the maps of 1950 and 1985 in Figure 3 ). Both maps represent the mouth of the bay and its bathymetry, information indispensable to navigation for access to the Port of Santander; however, the rest is identical on both maps. Therefore, the map of 1985 was discarded and the digitalization of the aerial photography of the same year was used. This fact provides sufficient assurance of quality to be able to draw up the cartography on a 1/2500 scale, in which the maximum error in the orientation of flights must not be over 0.5 m ( Table 2) .
The orientation of the photographs of these flights was determined following the General Process of Photogrammetry [40] , which consists of internal and external orientation. For internal orientation, the certificate of calibration of the camera is required (focal distance, coordinates of the fiducial marks, and distortion function of the lenses); for the external orientation, the coordinates of the support and control points in ETRS 89 are needed. The support points are those used in the orientation of the various cartographies for flights in 2005, 2007, 2010, and 2014, and they are always the same ones. The control points are the support points not used in the external orientation. On each of the photogrammetric restitutions on a scale of 1/2500, the same control points were measured and the difference in the coordinates was analyzed. These did not surpass the maximum value of 0.5 m in any of the coordinates (x, y, and z) ( Table 2) . This fact provides sufficient assurance of quality to be able to draw up the cartography on a 1/2500 scale, in which the maximum error in the orientation of flights must not be over 0.5 m ( Table 2) .
The orientation of the photographs of these flights was determined following the General Process of Photogrammetry [40] , which consists of internal and external orientation. For internal orientation, the certificate of calibration of the camera is required (focal distance, coordinates of the fiducial marks, and distortion function of the lenses); for the external orientation, the coordinates of the support and control points in ETRS 89 are needed. The support points are those used in the orientation of the various cartographies for flights in 2005, 2007, 2010, and 2014, and they are always the same ones. The control points are the support points not used in the external orientation. On each of the photogrammetric restitutions on a scale of 1/2500, the same control points were measured and the difference in the coordinates was analyzed. These did not surpass the maximum value of 0.5 m in any of the coordinates (x, y, and z) ( Table 2) . Coordinate z in Table 2 indicates the particular situation of point 6 owing to its disappearance following the winter storms in 2013-2014, the origin position (2010) of which is shown in Figure 8a , and the situation in 2014 is shown in Figure 8b Once the process of photogrammetric orientation was complete, the upper part of the slope of the sandy front was restituted (Figure 9 ). Both the digitalized cartography and photogrammetric flights prior to 2005 and the photogrammetric restitutions used the ETRS 89 system of coordinates. In order to check the fit of the georeferencing, common elements were used, such as the corners of houses, crossroads, or the corners of fields. The maximum differences between the digitalizations (cartography and photogrammetry) and the photogrammetric restitutions were no greater than 40 m.
Coordinate z in Table 2 indicates the particular situation of point 6 owing to its disappearance following the winter storms in 2013-2014, the origin position (2010) of which is shown in Figure 8a , and the situation in 2014 is shown in Figure 8b Once the process of photogrammetric orientation was complete, the upper part of the slope of the sandy front was restituted ( Figure 9 ). Both the digitalized cartography and photogrammetric flights prior to 2005 and the photogrammetric restitutions used the ETRS 89 system of coordinates. In order to check the fit of the georeferencing, common elements were used, such as the corners of houses, crossroads, or the corners of fields. The maximum differences between the digitalizations (cartography and photogrammetry) and the photogrammetric restitutions were no greater than 40 m. 
Topographical Measurement (1988-1993)
For the topographical bathymetric monitoring of the beach of Somo between 1988 and 1993, 13 profiles (P1, P1', P2, P3, …, P8) were measured monthly (Figure 10a) [10, 41] . The bathymetry was observed at high tide and the topographical land measurement at low tide in order to obtain the intertidal overlap between the bathymetric measurements (profile with one sounding on the vessel) and the terrestrial ones (topographical profile on the beach).
(a) 
For the topographical bathymetric monitoring of the beach of Somo between 1988 and 1993, 13 profiles (P1, P1', P2, P3, . . . , P8) were measured monthly (Figure 10a) [10, 41] . The bathymetry was observed at high tide and the topographical land measurement at low tide in order to obtain the intertidal overlap between the bathymetric measurements (profile with one sounding on the vessel) and the terrestrial ones (topographical profile on the beach).
An analysis of the topographical profiles throughout of Somo Beach during the period 1988-1993 reveals few changes to the retreat of the shoreline in the area of Las Quebrantas. However, if we observe the photogrammetric restitution of 2005, the large retreat of the coast in Las Quebrantas between 1988 and 2005 is seen. Since 2011, research was, therefore, centered on the area of Las Quebrantas, where TLS data were collected [42, 43] .
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Terrestrial Laser Scanner (2011-2017)
The application of terrestrial laser scanning (TLS) for the monitoring and analysis of geomorphological dynamics on sandy coasts with millimetric precision is relatively recent and entirely efficient even at detecting annual changes [44] , as well as complementing traditional analytical methods. TLS has functional sensitivity under adverse meteorological conditions [45] and a versatility that permits monitoring at any time. It has proven reliability on the coasts of the Cantabrian Sea in the study area, on confined beaches nearby, and in the ongoing observation of sand banks [42, 43, 46, 47] .
The use of TLS in the area of Las Quebrantas provided seven profiles, as shown in Figure 10b . The number of points measured with TLS in each survey was approximately 500 million with a precision at each point of 3 cm including the GNSS error. Two measurements were made per year to evaluate the evolution of the beach during the winter (October-March) and the summer (April-September).
A shoreline of 400 m was selected to make the TLS measurements coincide with those from previous periods. In this way, profile 4 (P4) taken with TLS (2011-2017) is the same as profile 7 (P7), which was measured using topographical techniques (1988) (1989) (1990) (1991) (1992) (1993) , and this same profile 7 (P7) was collected using photogrammetry (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (Figures 11 and 12) . In total, the retreat in the area between Punta Rabiosa and Somo between 1875 and 2014 was 415 m with a margin of uncertainty of 40 m in the cartographic digitalizations (Table 4) . It should be pointed out that these results are close to those of References [10, 48] . The study of the changes in the area between the village of Somo and Loredo Beach, known as Las Quebrantas Beach, for the period of 1875-2017 indicates the following: 
Results and Discussion
The geomatic techniques developed in the study of Somo Beach have maximum errors in the cartographic production for the calculation of the coastal retreat (Table 3) . Table 3 . Maximum errors obtained with each geomatic method.
Geomatic Method Maximum Error (m)
Cartography (1875-1985) 40 .00 Photogrammetry 0.50 Topography (1988) (1989) (1990) (1991) (1992) (1993) 0.07 Terrestrial Laser Scanner (2011) (2012) (2013) (2014) (2015) (2016) (2017) 0.03
To determine the numerical values of the evolution of the shoreline, the beach of Somo was divided into two parts: the sandy strips between Punta Rabiosa and Somo (El Puntal Beach), and the cliffed dune between Somo and Loredo Beach (Las Quebrantas Beach) (Figure 1) .
The results obtained between Punta Rabiosa and Somo between 1875 and 2014 were as follows: In total, the retreat in the area between Punta Rabiosa and Somo between 1875 and 2014 was 415 m with a margin of uncertainty of 40 m in the cartographic digitalizations (Table 4) . It should be pointed out that these results are close to those of References [10, 48] . (Figure 12 ), as well as following the storms between December 2013 and March 2014 ( Figure 13 ). There is a correspondence, therefore, with the data of Table 1 , in which we see that the five-year periods of 1995-1999 and 2010-2014 were the most active since the series of swells became available (1985) . To be specific, 1999 was outstanding in the series, as there were eight days with storms that year, and more recently, 2014, when there were six days of storms in February (Figure 12 ), as well as following the storms between December 2013 and March 2014 ( Figure 13 ). There is a correspondence, therefore, with the data of Table 1 , in which we see that the five-year periods of 1995-1999 and 2010-2014 were the most active since the series of swells became available (1985) . To be specific, 1999 was outstanding in the series, as there were eight days with storms that year, and more recently, 2014, when there were six days of storms in February and the first week of March, of which four days had tidal range of over 100.
The village affected by this coastal dynamic is Somo, located between El Puntal Beach and Las Quebrantas Beach. For the period of 1985-2017, the coast retreated by 32 m in this area (Table 5) . Somo used to be a village with small individual houses; however, at the beginning of the 1980s, housing estates and attached houses began being built, some of them on the beach front. It is these buildings that this coastal retreat is now affecting, mainly when the swells are higher than 6 m, coinciding with periods of high tidal range of over 100 (Figure 14) . (Figure 13 ). There is a correspondence, therefore, with the data of Table 1 , in which we see that the five-year periods of 1995-1999 and 2010-2014 were the most active since the series of swells became available (1985) . To be specific, 1999 was outstanding in the series, as there were eight days with storms that year, and more recently, 2014, when there were six days of storms in February and the first week of March, of which four days had tidal range of over 100.
Date Years Retreat (m) Retreat (m/yr) Authors
The village affected by this coastal dynamic is Somo, located between El Puntal Beach and Las Quebrantas Beach. For the period of 1985-2017, the coast retreated by 32 m in this area (Table 5) . Somo used to be a village with small individual houses; however, at the beginning of the 1980s, housing estates and attached houses began being built, some of them on the beach front. It is these buildings that this coastal retreat is now affecting, mainly when the swells are higher than 6 m, coinciding with periods of high tidal range of over 100 (Figure 14) . 
Conclusions
The techniques and sources used to analyze the evolution of the coastal sandy system were useful in determining the retreat of the coast over the last 142 years. The geomatic techniques used were cartography, photogrammetry, topography, terrestrial laser scanning (TLS), and georeferencing with the global navigation satellite system (GNSS), which were effective for observing ongoing changes in the coastal system. The combination and complementarities of different techniques and sources, such as historical cartography, photogrammetric flight series, and TLS, were very useful to know the evolution and erosive rhythms on the foredune. The behavior of the entire beach was uniform over the long time scale between 1875 and 2017, with an overall retreat of around 415 m; however, differences could be established in short time scales (Table 1) characterized by the large number of strong storms [40] . Between 2010 and 2014, there were large storms, four of which came in the winter of 2013-2014, and the beach underwent a mean retreat of 8 m at the foredune base. These four storms coincided with tidal ranges of over 100, swells higher than 6 m, and periods of high tides.
The storms that took place between December 2013 and March 2014 were exceptional because of their coincidence with large tidal coefficients, low atmospheric pressures, and successions of waves grouped together, which had a constant erosive effect on the beaches with the export of sediment and a significant retreat of the shoreline. The strong retreats of the shoreline in the coastal sandy systems were generated in extraordinary periods, as shown by what happened in the four months of the winter of 2013-2014, associated with extreme storms and erosive rates far higher than those estimated for the other periods analyzed. From April 2014 to April 2017, six TLS data collections were made, and the foredune talus slope stabilized with the beach recovered its original level.
The rock cliff previously covered by the foredune appeared in 1999, and in November 2016, 130 m to the east, a new outcrop rock arose on top of the dune (Figure 15 ). These dune erosive processes can generate significant changes, producing a continuous cliff without dunes if the erosive processes remain.
of their coincidence with large tidal coefficients, low atmospheric pressures, and successions of waves grouped together, which had a constant erosive effect on the beaches with the export of sediment and a significant retreat of the shoreline. The strong retreats of the shoreline in the coastal sandy systems were generated in extraordinary periods, as shown by what happened in the four months of the winter of 2013-2014, associated with extreme storms and erosive rates far higher than those estimated for the other periods analyzed. From April 2014 to April 2017, six TLS data collections were made, and the foredune talus slope stabilized with the beach recovered its original level.
The rock cliff previously covered by the foredune appeared in 1999, and in November 2016, 130 m to the east, a new outcrop rock arose on top of the dune (Figure 15 ). These dune erosive processes can generate significant changes, producing a continuous cliff without dunes if the erosive processes remain. The use of geomatic techniques can allow precision measurements to be made in the future complemented by other means (satellite photography, drone flights) to determine recent coastal evolution and its current dynamic with greater accuracy. The build-up of a long storm data series will improve knowledge of the retreat of the shoreline, trends and erosive rates, and accumulation, as well as the response of the natural system of the sea-land contact strip in the context of global change, and as indicators of sea level change. We consider that the behavior analyzed in this article is similar to that which occurs in the world's dune fronts with similar characteristics, and that their retreats are also affected by large storms. The use of geomatic techniques can allow precision measurements to be made in the future complemented by other means (satellite photography, drone flights) to determine recent coastal evolution and its current dynamic with greater accuracy. The build-up of a long storm data series will improve knowledge of the retreat of the shoreline, trends and erosive rates, and accumulation, as well as the response of the natural system of the sea-land contact strip in the context of global change, and as indicators of sea level change. We consider that the behavior analyzed in this article is similar to that which occurs in the world's dune fronts with similar characteristics, and that their retreats are also affected by large storms.
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